[Purpose] Kendo practitioners often suffer from left low back pain. The present study was undertaken to analyze the features of range of motion (ROM) of the hip joint of kendo practitioners and their relation to prevention of lower back pain. [Subjects and Methods] The study involved 37 male university kendo practitioners: 26 kendo practitioners having a history of lower back pain, 11 kendo practitioners having no history of lower back pain. In accordance with the method of ROM measurement set forth by the Japanese Orthopaedic Association, the same examiner measured hip joint ROM during passive flexion/extension and internal/external rotation. [Results] In the low back pain group, no laterality was noted in the ROM of the external rotation. However, ROM of the internal rotation was significantly smaller on the left side than on the right side. The range of rotation was significantly smaller on the left side than on the right side.
INTRODUCTION
According to Baba et al., who conducted a survey of disorders among mostly teenage kendo practitioners, the prevalence of lower back disorders was about 30%, second only to the prevalence of leg disorders 1) . In addition, in a questionnaire survey of disorders encountered in practitioners participating in the 38th Kinki District Senior High School Kendo Championships, we found that a high percentage (27%) of the practitioners noted the presence of lower back pain.
One of the basic motions of kendo players is shuffling of the feet with hip-based movements. In addition, kendo is a sport repeating certain movements: a large step is taken forward with the right foot (hip flexion), and a kick is taken backward with the left foot (hip extension) centering on the hip joint in striking movements with the right foot forward and the left foot backward regardless of whether the players are right-handed or left-handed. For these reasons, kendo players are likely to have deviations of the hip joint range of motion, and the deviations could be a factor of low back pain. Thus, in order to obtain an index for the occurrence of low back pain, we investigated the actual conditions and features of low back pain and moreover the relation between the characteristics of hip range of motion and low back pain.
SUBJECTS AND METHODS
We conducted a questionnaire survey on past history of low back pain and the presence or absence of current low back pain among 37 male university kendo practitioners, aged 20.4 ± 1.1 years (mean ± SD), who provided informed consent for the present study's aim. Moreover, a questionnaire survey on the periods and sites of occurrence of low back pain was simultaneously implemented for practitioners who had experienced low back pain. The hip joint ranges of motion in two groups, a group of players with a past history of low back pain (hereafter referred to as the low back pain group) and a group of those with no past history of low back pain (hereafter referred to as the no low back pain group), determined by the questionnaire survey were measured and compared. Kendo mainly consists of anteroposterior linear motions. In addition to the motions, rotary movements on one leg are required. Therefore, measurement of the hip joint was performed for flexion and extension, and external rotation and internal rotation.
G o n i o m e t r y p r o v i d e d b y t h e J a p a n e s e Orthopaedic Association was used as the measuring method, and the hip joints were measured by one examiner. In statistical examination, differences between the right hip joint and left hip joint and those between internal rotation and external rotation in each range of motion were compared between the two groups, the low back pain group and the no low back pain group. In addition, ranges of motion showing significant differences between the right hip joint and left hip joint were compared and studied in the two groups. Student's t-test was used for a comparative statistical analysis of the right-left differences within each group and those between the two groups. The average kendo training period was 11.9 ± 1.6 years in the low back pain group and 12.1 ± 1.9 years in the no low back pain group, and the average heights and weights were 172.5 ± 5.4 cm and 71.7 ± 7.1 kg in the low back pain group, and 171.5 ± 5.8 cm and 72.4 ± 6 kg in the no low back pain group. This study obtained approval from the Ethics Committee, Graduate School of Sport and Exercise Science, Osaka University of Health and Sport Sciences.
RESULTS
The number of kendo practitioners who had experienced low back pain in the past was 26 (70.2%) out of 37, out of which 16 (61.5%) also had low back pain at the time of the questionnaire survey. The occurrences of low back pain were d u r i n g t h e e l e m e n t a r y s c h o o l d a y s o f 0 practitioners, junior high school days for 10, senior high school days for 23, and university days for 4. The sites of occurrence of low back pain were the entire low back in 15 players, the left low back in 20, and the right low back in 2. In addition were asked practitioners who answered that sites of low back pain had been the entire low back: Which side is more painful, right or left? Ten practitioners answered the left side, 3 did the right side, and 2 answered that it was hard to say which side.
No laterality was noted in the ROM of the hip joint flexion or extension. Laterality was noted in the ROM of the internal and external rotation of the hip joint, with the ROM of the internal rotation and ROM on rotation (external + internal rotation) significantly smaller of the left side than on the right side and the ROM on the external rotation significantly smaller of the right side (internal rotation: p < 0.01, external rotation: p < 0.05, rotation: p < 0.05), as shown in Table 1 .
In the low back pain group, no laterality was noted in the ROM of the external rotation. However, ROM of the internal rotation was significantly smaller on the left side than on the right side (p < 0.01). The range of rotation was significantly smaller on the left side than on the right side (p < 0.01).
In the no low back pain group, no significant laterality was noted in the range of external rotation (p < 0.059), consistent with the result for the low back pain group, but the laterality tended to be greater than that of the low back pain group. The ROM of the internal rotation was significantly smaller on the left side than on the right side (p < 0.05). The ROM of rotation did not differ significantly between the right side and the left side ( Table 1) .
The laterality in ROM of the internal rotation did not differ significantly between the low back pain group (7.7 ± 9.7 degrees) and the no low back pain group (5.0 ± 7.7 degrees). The laterality in ROM of rotation was significantly greater in the low back pain group than in the no low back pain group (p < 0.05, Table 2 ).
DISCUSSION
The questionnaire survey showed many cases of low back pain; 26 (70.2%) out of 37 male university kendo practitioners had experienced low back pain, as in the report by Asahi, Sasaki, et al., 2, 3) out of which 16 (61.5%) still had low back pain. A survey of orthopedic sports disorders conducted for boy kendo players by Baba, et al. 1) reported that the incidence of low back pain increased with advancing age: 1.1% in elementary school days, 10.7% in the junior high school days, 31.3% in senior high school days, and 31.4% in adulthood. The incidence rose significantly from senior high school days onwards. Waku, et al. 4) reported that physical fatigue is the most common cause of low back pain. Kendo is a sport repeating certain movements in which the right foot is placed forward and the left foot is placed backward, and a large step is taken forward with the right foot (hip flexion) and a kick is taken backward with the left foot (hip extension) centering on the hip joint in striking movements. The amount of physical fatigue accumulated for at least 10 years up to the university days is considered to be large. Moreover, the kendo movements descrived above put a heavy burden on the left foot, a backward kicking foot 5) . Therefore, the muscle activity of the left low back may become high and its fatigue may increase pain in the left low back. Baba, et al. 3) reported that low back pain is caused by an increase in the amount of training and intensive striking movements. This can be thought to occur during junior and senior high school days, since is that the number of players who first experienced low back pain during senior high school days was the largest, followed by that during junior high school days, and those school days are accompanied by marked physical growth and a rapid increase in the amount of training. Furthermore, it can be considered that stepping movements specific to kendo are one of the causes of low back pain 5, 6, 7) .
Measurement of hip ROM among male university Kendo practitioners in the present study revealed a significant reduction of ROM of the internal rotation and rotation on the left side. These results suggest that a reduction of ROM of left hip internal rotation and rotation is possibly associated with the degrees(° ) * p<0.05 * onset of lower back pain in male university kendo practitioners. However, because reduction of ROM of left hip internal rotation was seen to a similar degree in both the low back pain group and the no low back pain group, it seems unlikely that reduced ROM of the internal rotation is associated with lower back pain. On the other hand, ROM of hip rotation on the left side was significantly diminished (less than 90 degrees) only in the low back pain group, and the laterality in ROM of left hip rotation was significantly greater in the low back pain group than in the no low back pain group (p < 0.05). These findings suggest that reduced ROM of the left hip rotation is a factor responsible for the onset of lower back pain. Matsuhisa et al. 8) reported that poor mobility of leg joints (hip, knee and ankle) can disturb the kinetic chain arising from the legs, possibly leading to disturbed arm activity.
Putnam stated in his report on a study of "legkicking motion" that a kinetic chain involving the trunk and periphery is involved in this motion 9) . Groppel explains that such a kinetic chain is transmitted from the legs via the lower back region to the arms in the form of floor reaction force 10) . We may therefore suggest that a reduction in ROM of hip rotation disturbs the kinetic chain from the legs during the forward-stepping motion, possibly leading to lower back pain.
The present study showed that the left hip rotation range of motion in the low back pain group was an average of 89.6 ± 9.8 degrees almost equivalent to a reference range of motion of 90 degrees according to the measurement method for the joint range of motion prescribed by the Japanese Orthopaedic Association. In general, however, the hip range of motion of athletes is wider than the reference range of motion, and it is considered that prevention of the occurrence of low back pain needs a left hip rotation range of motion of more than 90 degrees. In addition, the left hip rotation range of motion in the no low-back pain group was an average of 95.4 ± 14.5 degrees which surpasses 95 degrees. Accordingly, we suggest that male university kendo players need a hip range of motion of more than 95 degrees, exceeding the hip reference range of motion of 90 degrees, for improvement of competitive abilities and prevention of low back pain.
